The present paper deals with the synthesis of novel dihydropyranone and dihydropyrano [2,3-d][1,3]dioxinedione derivatives via one-pot three-component reaction between Meldrum's acid, arylaldehydes, and various 1,3-dicarbonyls in the presence of KOH as a base in H2O:EtOH under thermal and ultrasound irradiation. It was observed that ultrasound-assisted method gave 80-94% yields in 30-45 min as against 120-280 min required to get 60-82% yields by thermal method.
Introduction
Pyran derivatives represent the key building blocks of many natural products, [1] [2] [3] and constitute the core of valuable compounds exhibiting a broad spectrum of biological activities. [4] [5] [6] [7] [8] Many of the 2H-pyran-2-ones have been used as precursors for the synthesis of pharmacologically active compounds such as HIV protease inhibitors, 9 antifungals, 10 cardiotonics, 11 anticonvulsants, 12 antimicrobials, 13 pheromones, 14 antitumor agents, 15 and plant growth regulators. 16 Also, α-pyranones are important intermediates for the construction of pyridones, γ-lactones, benzenoid derivatives, and etc. [17] [18] [19] [20] [21] [22] [23] Our literature survey revealed that there are some examples in the synthesis of 3,4-dihydro-α-pyranones by several groups. [24] [25] [26] [27] [28] [29] [30] [31] But, little efforts have been paid to the synthesis of dihydropyranone and dihydropyrano [2,3-d] [1, 3] dioxine-dione derivatives. [32] [33] [34] [35] [36] [37] [38] To make the synthesis of this kind of compound in a more efficient and in continuation of our studies on one-pot multi-component reactions, [39] [40] [41] we report here a one-pot three-component reaction of Meldrum's acid, arylaldehydes, and various 1,3-dicarbonyls in the presence of KOH as a base in H2O:EtOH under thermal and ultrasound irradiation.
Results and Discussion
To find the optimal conditions, we studied the synthesis of 5-acetyl-6-methyl-4-phenyl-3,4-dihydro-2H-pyran-2-one 4a from the condensation of Meldrum's acid 1, benzaldehyde 2a, and acetylacetone 3 under various reaction conditions (Table 1) . a Yields are given for isolated product.
The optimization of the reaction conditions, including the reaction solvent, bases, the reaction temperature, and the time of the reaction were investigated. First, various solvents were examined, the mixture of water and ethanol was proven to be preeminent solvent for this reaction. Then, we examined this reaction in the absence and presence of several bases (Table 1 , entries 1-7). It was found that KOH (15%) increased the yields from a trace to 60%. Also, we examined the influence of different temperatures on this reaction. To our satisfaction, when the reaction was carried out at room temperature in 60 min, the product formed in 60% yield and at 50 o C in 30 min, the product formed in 92% yield. But, under reflux condition in the same time the product was only formed in 65% yield (Table 1 , entries 7, 9 and 11). Finally, we observed that the amount of KOH more than and lower than 15% at 50 o C did not improve the yield (Table 1 , entries [8] [9] [10] . A series of experiments were performed to reveal that the optimal results were obtained when the reaction of 1 (1.0 mmol) was conducted with benzaldehyde 2a (1.0 mmol), and acetylacetone 3 (1.0 mmol) in H2O:EtOH and KOH (15%) at 50 o C in 30 min (Table 1 , entry 9). Under these optimized conditions the yield of 4a reached 92%. These optimized reaction conditions were then used to explore the scope of this novel transformation with various benzaldehydes, Meldrum's acid and acetylacetone to synthesize a series of 5-acetyl-6-methyl-4-aryl-3,4-dihydro-2H-pyran-2-one derivatives 4a-c (Table 2 ) in good yields. Then the other 1,3-dicarbonyls such as 5, 7, 9 and 11 reacted with Meldrum's acid 1 and arylaldehydes 2 under the same conditions to give the corresponding dihydropyranones and dihydropyrano [2,3- (Table 2) .
Also, same reactions were performed under ultrasonic irradiation conditions. For example, the model reaction in H2O:EtOH at 50 o C gave 4a in 72% yield after 120 min, whereas the ultrasonic irradiation was rapid yielding 4a in 89% only within 30 min. As shown in Table 2 , the synthesis of dihydropyranones and dihydropyrano [2,3-d] [1, 3] dioxine-diones via the reaction of appropriate 1,3-dicarbonyls, Meldrum's acid with arylaldehydes were carried out in 80-94% yield within 30-45 min under ultrasound irradiation, while without ultrasonic irradiation the products were obtained in 60-82% yield within 120-280 min under thermal conditions. It is apparent that ultrasonic irradiation accelerates these transformations. Also, to investigate the effect of irradiation power on the yields and times of reactions, the model reaction was sonicated at 100, 200 and 300 W. The results indicated that for the three power of ultrasound irradiation examined, there is no difference in the reaction yield and time. Therefore, 100 W of ultrasonic irradiation was sufficient to push the reaction forward.
The products 4a, 4b, and 6a are known and their structures were characterised by comparing their physical and spectral data with those of authentic samples. [32] [33] [34] The other compounds are unknown to the best of our knowledge and were characterized by 1 H NMR, 13 C NMR, IR and elemental analysis. For instance, the 1 H NMR spectrum of the compound 4c consisted of two singlet at δ = 2.10 and 2.34 ppm for the two methyl protons. Two doublet at δ = 2.67 ppm with coupling constants of 2.2 and 15.8 Hz for the methylene protons was observed. In addition, two doublet at δ = 3.15 ppm with coupling constants of 7.0 and 15.8 Hz for another methylene protons was also observed. In addition, a doublet at δ = 4.29 ppm with a coupling constant of 6.4 Hz for the methine proton was also observed. A multiplet at δ = 7.14-7.41 ppm for the aromatic protons of the phenyl ring were also observed. The 1 H decoupled 13 C NMR spectrum of compound 4c showed 14 distinct signals in agreement with the proposed structure. Partial assignment of these resonances for the other products is given in the experimental section. 
Conclusions
We have developed an efficient and facile method for the synthesis of dihydropyranone and dihydropyrano [2,3-d] [1, 3] dioxine-dione derivatives by the reaction of Meldrum's acid, arylaldehydes, and various 1,3-dicarbonyls under thermal and ultrasound irradiation conditions. The mild reaction conditions, low cost of the starting materials, operational simplicity and good yields are advantages of the protocol.
Experimental Section
General. All chemicals were purchased from Aldrich and Merck with high-grade quality, and used without any purification. All melting points were obtained by Bamslead Electrothermal 9200 apparatus and are uncorrected. The reactions were monitored by TLC and all yields refer to isolated products. 1 H and 13 C NMR spectra were recorded in CDCl3 on a Bruker 300 MHz spectrometer. Infrared spectra were recorded on a Bruker FT-IR Equinax-55 spectrophotometer in KBr with absorption in Cm -1 . Elemental analyses were performed using a Carlo Erba EA 1108 instrument. All products were characterized by their spectra and physical data. General procedure for the synthesis of dihydropyranone and dihydropyrano [2,3- 
Thermal conditions. A mixture of the appropriate Meldrum's acid 1 (1.0 mmol), arylaldehydes 2 (1.0 mmol), and various 1,3-dicarbonyls (1.0 mmol) were stirred in H2O:EtOH (4 mL) in the presence of KOH (15%) as a base at 50 o C for an appropriate time. After completion of the reaction, determined by TLC, the solvent was removed under reduced pressure, and the resulting crude product was recrystallized from ethanol to give the pure compounds as a white solid. Ultrasonic-irradiation conditions. A mixture of the appropriate Meldrum's acid 1 (1.0 mmol), arylaldehydes 2 (1.0 mmol), and various 1,3-dicarbonyls (1.0 mmol) in 2 mL of H2O:EtOH was irradiated under an ultrasonic processor at 25 ± 1 o C and 100 W. After completion of the reaction, determined by TLC, the solvent was removed under reduced pressure, and the resulting crude product was recrystallized from ethanol to give the pure compounds as a white solid.
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